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INTRODUCTION

The problem of protecting high frequency radar antennas without degrading
transmission or adding weight has led to the development of the wing tab
technique. Dual~wall alr-supported structures using the wing tab technique
were pioneered and developed by Air Inflateble Products Corporation, a sub-
sidiary of the Nationel Union Electric Corporation. In wing tsb construc-
tion, the attachment flange for the web is an integrally-woven portion of
the skin material, thus stress concentrations are virtually eliminated. The
ratio of the web width to web sgpacing has been established for equal loads
in &ll members and mey be varied to obtain specific characteristics in spe-
cial aspplications.

The wing tab is especially sppliceble in structures, such as radomes, vhere
the unit must be more stable, lighter weight, more versatile, and have less
trensmission interference than a single-skin unit. Such a unit is virtually
self-erecting and may even be employed to erect the equipment being housed.

In addition, individual sections of such a unit may be deflated and lowered,
or raised, to permit easy movement of large equipment into or out of the area.
Wing teb construction is currently being utilized on Contract No. DA-39-AMC-
03744(s) for the Hughes Aircraft Company ComSat Satellite Radomes.

The geometry of wing tab structures msy be readily varied and easily contoured
in three planes at the seme time. Since the materiesls are light end flexible,
the structures are easlly packaged and shipped. For e le, a radome de-
signed to withstand winds to 110 mph, 38' in diameter by 40' high, with an in-
gide volume of 36,000 cubic feet, weighs less than 1800# and cen be packed into
less than 120 cubic feet. This radome slso provides excellent insulation since
it is essentiamlly a rigid dead-air space thirty inches thick.

The ease with which a single radome panel is self-erecting is shown in Figure

number 1. This multiple exposure shows the erection of a panel using only air
pressure in the wall with no additional assistance.
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Figure 1
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Currently, the materials used in wing tab structures range from the
commonly~employed chloroprene-coated nylons and dacron to Kynar-coated
fracture-resistent fiberglass, including metallized fibers for RF shield-
ing. The horizontal web construction discussed here also lends itself to
rigidization since, after erection, the unit is somewhat compartmentalized
and therefore helps distribute any rigidizing materisl.

Potentiel uses for this type of structure include: radomes for satellite
tracking stations; environmental control areas; housing or operations shel-
ters; moon or planetary shelters; orbital repair or maintensnce structures;
etec. The unique features and edvantages of dual-wall structures have been
proven = = = -« opening new areas of coperation to inflatable structures.

DUAL WALL CONCEPTS

The two mein dual wall constructions are pile fabric and "Wing teb" or I-
Beam ribs. Pile fabric, called "Airmat" by Goodyear and "Rigidair" by
Air Inflatable Products Corporation, is basically a drop stitch fabric
with threads tying two parallel faces together. The thread lengths are
controlled to maintain & predetermined distance between the the two plies
of fabric. Wing teb fabric incorporates sttachment flanges for the web as
integrally~-woven portions of the skin meterial. Two skins of this mate-
rial, spaced by webs attached to the attachment flanges, form a dual-wall
structure which provides adequate protection using a minimum of materials
that interfere with the radar transmission. In general, wing tab fsbric
looks like a large air mattress with I-Beam webs holding the two surfaces
parallel, but wing tab construction distributes the stress evenly. There
is no possibility of stress concentrations by I-Beams or cross members.

Wing tab construction allows shaping of the structure into compound curves,
such as spheres. The webs are contoured to provide the desired contour in
their plene; varying the web spacing between the two surfaces provides the
contouring in that plane.
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Since Goodyear 1s currently dolng a great deal of development work on
pile fabric, this presentation will be restricted to "Wing tsb" comstruce
tion. Wing tab utilizes an outer and inner skin of sir-tight fabric with
these sking held 1in position relative to each other by webs. The webs
need not be air-tight since they only space the skins relative to each
other and are not ean sir berrier. The webs can be either horizontal or
vertical depending upon the structure configuration and operational re-
quirements.

In radomes, the webs ere usually horizontal for self erection, lifting
capacity (to help erect the radar), end eaey access (large sections of

the well open, permitting movement of large equipment into or out of the
area). A dual wall radome (which is sectionalized into a number of easily
transporteble and handled components) can operate with alternate sections
inflated, thus permitiing a deflated portion to be raised as a large access
opening for the removal or addition of equipment. In an eight section ra=-
dome, 1t is possible to ralse as meny as three adjacent panels at one time
for accessabllity to the interlor with the struecture still remaining stable.

On the current centract for radomes, the inside dimensions are 60 feet in
dismeter by 54 feet high. The sections of these radomes are fastened toe
gether by a serles of catensry penels along the walls and are under con-
siderable compresslon when fastened together. This prevents sny mevement
between sections as long as the operating pressure is maintained above six
inches of water (up to e 100 knot wind). A static coefficient of friction
of 1.3 between the surfaces has been attained and a compression of five
inches for each face of the unit 1s used. This provides for a better then
26 inch flat contact between the panels. Thus the radome is one unit end
may be treated as such relative to 1ts resistance to torque and other ex-
traneous loadings. A photograph of this assembly is included as Figure
No. 3 for reference.

Previous tests indlcate that the base angle of the radome should be at
least 52° for stability without raising the pressure over that of the
velocity pressure of the wind; this rule has been followed on the radome
for the CpwSat network, for exsmple. The guy lines are only protection
against excessive deflectlon, as opposed to actual support to fasten the
radome to the ground. The radome will withstand 100 knot winds, 204/ft.2
snow load, 3" per hour rainfall and one-inch rime ice loed. The guy cebles
are designed to withstand a ST knot wind each while carrying the entire
wind load egaeinat the structure. This provides for a more than adequate
safety factor, since no one guy wire should be cerrying the wind load in-
&ependent]y.
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GENERAL DESIGN PARAMETERS

Apax = 58" (Based on current weaving equipment capability.)

L/W = 0.577 (Not mendatory but used for
equalization of stresses.)

When I/W = 0.577, L = R and
Fy = Fop = R x P (Where P equals the
internal operating pressure of the wall.)

Inside radome diameter
W =1

L/C = 5.4
Wy = 2.273 C

R = V(12 + W) /4

A =0.0319 Rep

H = R 3V 4R2- 12

Figure 4
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STRESS ANALYSES

As shown in Figure No. L, the stresses involved in the wing tab and the
outer skin are equal when I, equals R. The stress in the fabric is then
equivalent to the internal pressure in pounds per square inch times R or
L as the case may be. To prevent deformation by wind loads the minimum
operating pressure of the radome is as follows: P = .00037V2 where P is

pressure in pounds per square inch end V is the wind velocity in knots
per hour.

Analysis of the load=lifting or load-carrying cepabilities of the dusl
wall radome was conducted and confirmed by testing the initial unit. The
equation evolved seems to omit redome size and wall thickness, but these
are proportional and have been taken into account. The final equation is
D = .16\JW/P where D is the diameter required to support the given load,

W equals the load in pounds, and P equals the internal pressure of the
unit in PSIG. This is based (see Fig. 5) on the premise that the load is
lifted from a distance at least D over two below the point where the load-
is to be lifted, the maximum allowable deflection of the crown is one foot,
and R/W = 7.5.
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The maximum load lifting capsbility equals the projected horizontal area
of the inflatable wall section at the largest diameter times the internal
pressure. Of course the load-lifting capabllity at this point includes the
weight of the radome itself. There could concelvably be some localized
buckling of tubes in the arems to which the bridle is Pastened (assuming it
did not contain a continuous rigid ring) but, for the equation given, the
shelter would support this load without collepsing or lowering the load.
The radome for the Hughes Aircraft Compeny's ComSat system requires a 1ift-
ing cepability of approximstely 2,000 pounds. In this unit there is a
seven foot crown ring instelled which can readily 1lift the required load
at normal coperating pressure.

Other spplications have specified loed 1lifting capabilities in the 5,000
to 6,000 pound range. For this, diemeter D is extended to provide the
required support.

The celculstions for the operating pressure of dual wall radomes can be
roughly simplified to 0.5 x inside radome diameter x pressure head csused
by wind velocity egquals fabric stress 1n #/inch. For single skin radomes
this same type of anaslysis can be reduced to 3.32 x (wind pressure head
plus 08) x radome dismeter equals fabric stress in #/inch. These two
equations are graphed in Fig. 6. The ratio of fabric stresses for the
sbove equations is in the order of 1 to 7 depending on the wind velocity.
Since the wind pressure is exponential with velocity, the ratio of the
stresses for the radomes are also exponential relative to the maximum
wind speed designed for.
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Advantages of dual wall over single wall include: the dual wall shelter
can be easily reduced to small light-weight packages for emsy handling
and shipping; they provide for accessability to the interior without air=
locks; sections are readily repleceable and may be added for increased
floor space; individuel sections may be depressurized for repeir and/or
modification wilthout putting the unit out of service; lighter weight fabe
rics can be utilized, thereby reducing total weight of the assembly; the
unit is more versatile, since loed-lifting bridles cen be readily in-
stalled to 1ift virtuslly any loed.

ELECTRICAL PROPERTIES

The electrical properties of dual well radomes are very similar to single
wall radomes in regard to the theoretical equations utilized to evaluate
these properties. The equations are lineerly relsted end are directly
proportional to the number of plies of material utilized, the variations
in the thickness of the material, the thickness of the fabric plies and
the dielectric constant of the fabric. The equations are inversely pro-
portional with the wavelength of the radar and the radius of the radar
antenns.

Since the equations are virtually identical for single or dusl well assen-~
blies, the only variebles are fabric thickness, variations of fabric thick-
ness, number of plies of materiaml seen by the antenna, and the dielectric
censtant of the wmaterial.

A dual wall panel's webs introduce overall variation (thus producing a non-
uniform wall for the antenna) therefore it appesrs that the single well
radome would give less boresight error. If extreme boresight accuracy is
necessary, a single wall structure (assuming all other properties are equiv-
alent) should be more accurate. But, boresight errors can be held to E 0.10
milliradians with dual wall structures.

Pile fabric, from the tests performed on specimens of the fabric, exhibits
excellent electrical properties due its uniformity. In essence, the pile
1s evenly distributed, as opposed to periodically spaced webs, therefore

it gives more uniform transmission. Since the equations for boresight
shift depend on thickness variations, this could be considerably reduced by
using pile fabric but this could possibly cause related problems in regard
to weight, packeging, and operating pressures. The sbove analysis was con-
firmed by tests on actual fabrie spetimens.

MATERTALS ANALYSIS

To provide a guaranteed life of at least seven trouble-free yeers, neoprene-
coated dacron is used on the ComSat radome. Since dusl wall structures use
lighter fabric and need less elastromeric coating then a single skin struc~
ture for the same protection, a finer weave fabric and less elastomer may be
used. This reduces the dielectric constant by 6.65%. Above a certain struc-
ture size,the coated fabric used for dual wall structures is less then half
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es thick as for an equivalent singlee-skin unit. This then provides for
better RF characteristics. Using the design ratio for the duel wall
redomes, (the radome inside diameter divided by the wall-tube thickness
equals 15) the dual wall radome theoretically provides identisal protec-
tion with only 1/15 the fabric strength required of an equivalent single
skin radome. Considering the stresses spplied during erection and handling
overations, this ratio is reduced to approximately 4 to 1. Currently, a
dual wall radome which operstes at & pressure of 1.48 PSIG requires a fab-
ric strength of 160#/in. tensile which, coated, would not exceed .020" in
thickness; a similer single skin radome would require fabric of T68#/1in.
tensile which would gauge .055". Approximately 20% less materisl is
exposed to the radar sntenna, even including the webs.

An gdvantage of dual wall radomes over single wall radomes is that wing
tab dual wall febrics have a standsrd carcas and coating on the exterior
of the structure surface. This does not incremse proportionally to the
required strength, therefore a point is reached where the two plies of
dual wall material are lighter in gauge thus exhibiting superior elec-
trical properties to its single wall counterpart.

Figure No. 7 gives an indication of radome size to electrical properties
by depicting the difference in the curve slopes of size to overall mabe-
rial gauge.
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Dacron is chosen over Nylon due to its superior sunlight and UV resistance,
excellent chemical resistance and higher melting temperatures. Neoprene

is still the best all-purpose elastomer combining resistsnce to ozone, sun-
light, oxidation and many petroleum derivatives; further, it has good re-
silience and tenslle strength. A hypslon psint gives the surface color-
stability, as well as weather and abrasion resistance.

The webs used for the ComSat radome are not coated with elastomer providing
minimum materiel thickness for maximum transmissibility snd minimum elec-
trical interference. Similarly, seams in the webs have been sewn rather
than cemented. The webs are bonded onto the integral wing tab as a final
operation. Further, to maintain uniformity in the contours and stresses,
the webe are segmentized to keep fabric fill threads within three degrees
of the direction of the concentrated load application.

Experiments are currently being conducted to evaluate the possibility of
using fracture-resistant fiberglass in higher temperature applications for
longer life and better resistance to envirommental hazards, including ultre-
viclet radiation. The Cordo Division of Ferro Corporation has been coating
the glass filaments with vinyl (prior to weaving) for built-in chafing pro-
tection for the fibers. Work is also belng conducted on laminating kymar
film to the coated glass to provide meximum trensparency (Ultraviolet light)
with lightest welght. This technique is also under development with dacron,

Cordoglas-FR can take sbuse and rough trestment since coating adhesion is
mechanical rather than by adhesive primers that could break down during
long term exposure. This material resists sunlight, weather, acids, mildew,
and chemicals, It is also non-stretching and non=-shrinking. Due to these
characteristics and the use of glass fabric, seam wrinkles and puckers are
virtually non-existant.

Tests show no degredation in bresking strength, even after two years out-
door eging. The heat-sealed adhesion and the tear strength degraded less
than 5% for the ssme period. These materials are availsble in translucent
and opaque colors with no sacrifice in UV degradstion. The fabric is dimen-
sionslly steble with a minimum adhesion loss between the vinyl coating and
the woven fiberglass substrate. At higher temperatures, silicone is used.
With special compounding it has been used at over 1000 degrees Fshrenheit,
The febric substrate would then be fibergless or metallic fibers depending
on the operstionsl requirements.

HEAT TRANSFER TESTS ON DUAL WALL RADOME OR WING TAB CONSTRUCTION

Wing tab penels have been tested to evaluate their thermal transmittance
and to develop their "U" Factor. The teste were conducted on a panel three
feet in thickness with the following result: the "U" factor is 0.41 BTU/
hour/sq. ft./degree fahrenheit.

795



RF shielding tests conducted by York Research Corporation on specimens in
vhich the fibers were plated with first copper then nickel, indicated a
shielding effectiveness ranging from 80 db at .02 Mc to 50 db at 10,000 Me,
including a low point of 26 db at 15 Mc. These tests were conducted on
specimens that were first metallized, then coated with neoprene.

DESIGN CONCEPTS

A few epplications of duasl wall construction are as shown in the following
six sketches with their description included on their respective pages.
Dual wall structures {with possible rigldization included) are readily
adaptable as emergency '"repalr garsges” for orbiting space capsules or
satellites. A pressure-sealing zippered end could be included for rapid
entry with minimum effort and time.

Another possible application of the wing tab dual wall structures 1is as an
impact attenuator or support pad. The Impact Cushion Concept is currently
being eveluated for sports activities such as a pdle vaulters landing mat
to replace the chopped or shredded sponge port-a-pit. Such a pad provides
a much easier and lmproved landing, as the jumper camnct snag in a net or
otherwise entangle himself.

A light-weight met could be utllized for such things as landings on the
moon, where it would spread out end distribute the load over en extended
area (to overcome a possible dust layer or soft surface which would not
support the concentrated load) thus providing, not only e support platform,
but & work area adjacent to the craft.

Dual wall wing tab could elso be utilized in shelters for enviromment cone
trol, portable laboratories, greenhouses, and specimlized gpplications
such as RF shielded shelters. Potential uses are limited only by your
own imagination.
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